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(54) SEMICONDUCTOR-ON-INSULATOR DEVICE WITH LIGHTLY DOPED EXTENSION REGION

(57) A semiconductor device (500) includes an insu-
lator layer (180) and a semiconductor layer (110) formed
on the insulator layer (180). The semiconductor layer
(110) includes a first region (111) of a first conductivity
type, a second region (112) of a second conductivity type
and a lightly doped extension region (113) of the first
conductivity type separating the first region (111) and the
second region (112) along a lateral x-axis. A dielectric
structure (210) laterally surrounds the semiconductor
layer (110). At least one of the first region (111) and the
extension region (113) is formed at a distance to the di-
electric structure (210) along a lateral y-axis orthogonal
to the x-axis. Along the x-axis and between the second
region (112) and the first region (111), a lateral extension
of the semiconductor layer (110) along the y-axis increas-
es with increasing distance to the second region (112).
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Description

TECHNICAL FIELD

[0001] Examples of the present disclosure relate to a
semiconductor-on-insulator device with a semiconductor
layer that includes a lightly doped extension region for
electric field reduction. In particular, the semiconductor-
on-insulator device may be an integrated circuit used in
power electronics, e.g. a gate driver circuit.

BACKGROUND

[0002] Power electronic assemblies include power
semiconductor switches such as IGBTs (insulated gate
bipolar transistor) and/or MOSFETs (metal oxide semi-
conductor field effect transistor) for controlling inductive
loads in power conversion circuits and motor control ap-
plications, as well as integrated circuits for controlling
and monitoring the power semiconductor switches. An
example for such an integrated circuit is the gate driver
circuit which allows a micro-controller or digital signal
processor (DSP) to efficiently turn on and turn off power
semiconductor switches. A buffer stage of the gate driver
circuit includes output transistors with low-level inputs
that drive the comparatively high input current required
to gate a power semiconductor switch. In gate driver cir-
cuits based on SOI (semiconductor-on-insulator) tech-
nology, each output transistor of each buffer stage may
be formed in a thin semiconductor film with dielectric iso-
lation on all sides. The dielectric insulation on all sides
prevents latch-up and eliminates leakage currents to a
bulk almost completely.
[0003] There is a constant need to further improve the
device characteristics of power electronics devices at low
additional effort.

SUMMARY

[0004] Embodiments of the present disclosure in-
crease the breakdown strength and/or reduce the leak-
age current of an output transistor that supplies a gate
signal for a power semiconductor switch without signifi-
cantly increasing the active area.
[0005] To this purpose, an embodiment of the present
disclosure relates to a semiconductor device that in-
cludes an insulator layer and a semiconductor layer
formed on the insulator layer. The semiconductor layer
includes a first region of a first conductivity type, a second
region of a second conductivity type and a lightly doped
extension region of the first conductivity type separating
the first region and the second region along a lateral x-
axis. A dielectric structure laterally surrounds the semi-
conductor layer. At least one of the first region and the
extension region is formed at a distance to the dielectric
structure along a lateral y-axis orthogonal to the x-axis.
Along the x-axis and between the second region and the
first region, a lateral extension of the semiconductor layer

along the y-axis increases with increasing distance to the
second region.
[0006] Those skilled in the art will recognize additional
features and advantages upon reading the following de-
tailed description and on viewing the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings are included to
provide a further understanding of the embodiments and
are incorporated in and constitute a part of this specifi-
cation. The drawings illustrate embodiments of a semi-
conductor device and together with the description serve
to explain principles of the embodiments. Further em-
bodiments are described in the following detailed de-
scription and the claims. Features of the various illustrat-
ed embodiments may be combined with each other.

FIG. 1A is a schematic plan view of a semiconductor
element formed in a semiconductor layer and includ-
ing a lightly doped extension region formed at a dis-
tance to a semiconductor edge according to an em-
bodiment.

FIG. 1B is a schematic vertical cross-sectional view
of the semiconductor element of FIG. 1A along line
B-B.

FIG. 2A is a schematic plan view of a semiconductor
element according to an embodiment related to a p-
MOSFET (p channel MOSFET).

FIG. 2B is a schematic vertical cross-sectional view
of the semiconductor element of FIG. 2A along line
B-B.

FIG. 3 is a schematic vertical cross-sectional view
of a portion of a semiconductor device according to
an embodiment referring to PDSOI (partially deplet-
ed silicon-on-insulator) devices.

FIG. 4 is a schematic vertical cross-sectional view
of a portion of a semiconductor device according to
an embodiment referring to FDSOI (fully depleted
silicon-on-insulator) devices.

FIG. 5 is a schematic plan view of a semiconductor
element according to an embodiment related to a
first spacer region between first region and semicon-
ductor edge.

FIG. 6 is a schematic plan view of a semiconductor
element according to an embodiment related to a
second spacer region between extension region and
semiconductor edge.

FIG. 7 is a schematic plan view of a semiconductor
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element according to an embodiment concerning an
extension region including a spacer portion between
first region and semiconductor edge.

FIG. 8 is a schematic plan view of a semiconductor
element according to an embodiment concerning a
second spacer region between an extension region
spacer portion and semiconductor edge.

FIG. 9 is a schematic plan view of a p-MOSFET half-
cell including an extension region with triangular or
trapezoidal spacer portions according to a further
embodiment.

FIG. 10 is a schematic plan view of a p-MOSFET
half-cell including an extension region with triangular
or trapezoidal spacer portions and spacer regions
according to a further embodiment.

FIG. 11A is a schematic plan view of a p-MOSFET
including an extension region with triangular or trap-
ezoidal spacer portions and spacer regions accord-
ing to a further embodiment.

FIG. 11B shows a detail of the p-MOSFET of FIG.
11A.

FIG. 11C is a schematic vertical cross-sectional view
of the p-MOSFET of FIG. 11A along line C-C in FIG.
11B.

FIG. 12A is a schematic perspective view on a por-
tion of a p-MOSFET half-cell without spacer region.

FIG. 12B is a schematic perspective view on a por-
tion of a p-MOSFET half-cell with spacer region.

FIG. 12C is a diagram schematically illustrating U/I
characteristics of the p-MOSFETs of FIG. 12A and
FIG. 12B.

FIG. 13 is a schematic block diagram of a gate driver
circuit according to an embodiment.

DETAILED DESCRIPTION

[0008] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof and in which are shown by way of illustrations
specific embodiments in which a semiconductor device
may be practiced. It is to be understood that other em-
bodiments may be utilized and structural or logical chang-
es may be made without departing from the scope of the
present disclosure. For example, features illustrated or
described for one embodiment can be used on or in con-
junction with other embodiments to yield yet a further
embodiment. It is intended that the present disclosure
includes such modifications and variations. The exam-

ples are described using specific language, which should
not be construed as limiting the scope of the appending
claims. The drawings are not scaled and are for illustra-
tive purposes only. Corresponding elements are desig-
nated by the same reference signs in the different draw-
ings if not stated otherwise.
[0009] The terms "having", "containing", "including",
"comprising" and the like are open, and the terms indicate
the presence of stated structures, elements or features
but do not preclude the presence of additional elements
or features. The articles "a", "an" and "the" are intended
to include the plural as well as the singular, unless the
context clearly indicates otherwise.
[0010] The term "electrically connected" describes a
permanent low-resistive ohmic connection between elec-
trically connected elements, for example a direct contact
between the concerned elements or a low-resistive con-
nection via a metal and/or heavily doped semiconductor
material.
[0011] The term "power semiconductor device" refers
to semiconductor devices with a high voltage blocking
capability of at least 30 V, for example 100 V, 600 V, 1.6
kV, 3.3 kV or more and with a nominal on-state current
or forward current of at least 1 A, for example 10 A or
more.
[0012] An ohmic contact describes a non-rectifying
electrical junction between two conductors, in particular
between a semiconductor material and a metal. The
ohmic contact has a linear or approximately linear cur-
rent-voltage (I-V) curve in the first and third quadrant of
the I-V diagram as with Ohm’s law.
[0013] Ranges given for physical dimensions include
the boundary values. For example, a range for a param-
eter y from a to b reads as a ≤ y ≤ b. The same holds for
ranges with one boundary value like "at most" and "at
least".
[0014] The term "on" is not to be construed as meaning
only "directly on". Rather, if one element is positioned
"on" another element (e.g., a layer is "on" another layer
or "on" a substrate), a further component (e.g., a further
layer) may be positioned between the two elements (e.g.,
a further layer may be positioned between a layer and a
substrate if the layer is "on" said substrate).
[0015] Two adjoining doping regions in a semiconduc-
tor layer form a semiconductor junction. Two adjoining
doping regions of the same conductivity type and with
different dopant concentrations form a unipolar junction,
e.g., an n/n+ or p/p+ junction along a boundary surface
between the two doping regions. At the unipolar junction
a dopant concentration profile orthogonal to the unipolar
junction may show a step or a turning point, at which the
dopant concentration profile changes from being con-
cave to convex, or vice versa. Two adjoining doping re-
gions of complementary conductivity form a pn junction.
[0016] The Figures illustrate relative doping concen-
trations by indicating "-" or "+" next to the doping type "n"
or "p" . For example, "n-" means a doping concentration
which is lower than the doping concentration of an "n"-
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doping region while an "n+"-doping region has a higher
doping concentration than an "n"-doping region. Doping
regions of the same relative doping concentration do not
necessarily have the same absolute doping concentra-
tion. For example, two different "n"-doping regions may
have the same or different absolute doping concentra-
tions.
[0017] According to an embodiment, a semiconductor
device may include an insulator layer and a semiconduc-
tor layer formed on the insulator layer, wherein the sem-
iconductor layer includes a first region of a first conduc-
tivity type, a second region of a second conductivity type
and a lightly doped extension region of the first conduc-
tivity type separating the first region and the second re-
gion along a lateral x-axis. A dielectric structure laterally
surrounds the semiconductor layer,
[0018] In particular, the semiconductor layer and the
insulator layer form part of an SOI structure. The insulator
layer may have two substantially parallel main surfaces,
which may have approximately the same shape and size.
The insulator layer has a surface extent along two or-
thogonal axes (x-axis and y-axis) defining horizontal di-
rections, and a thickness along a z-axis defining a vertical
direction perpendicular to the horizontal directions. In the
following, the horizontal directions are also referred to as
lateral directions. The surface of the first semiconductor
layer at a front side opposite to the insulator layer is re-
ferred to as the first surface.
[0019] The insulator layer has a uniform vertical exten-
sion and may be a homogenous layer, e.g. a silicon oxide
layer. Alternatively, the insulator layer may include two
or more vertically stacked sub-layers of different compo-
sition and/or structure. The insulator layer may have a
vertical extension in a range from 200nm to 2pm, e.g.,
from 350nm to 450nm. A voltage blocking capability of
the insulator layer may be in a range from 200V to 2000V,
e.g., about 300V. The insulator layer may separate the
semiconductor layer from a non-insulating base.
[0020] The semiconductor layer may be a layer of uni-
form thickness, wherein a thickness of the semiconductor
layer along the vertical direction may be in a range from
50nm to 2pm, e.g. approximately 100nm. The material
of the semiconductor layer is a single-crystalline semi-
conductor, e.g. silicon.
[0021] In the semiconductor layer, the first region and
the extension region form a unipolar junction. The exten-
sion region and the second region form a pn junction.
The first region may have a dopant concentration suffi-
ciently high such that a metal contact structure and the
first region form a low-resistive ohmic contact.
[0022] The extension region has a significantly lower
dopant concentration than the first region. For example,
an average net dopant concentration in the extension
region is at most 50%, at most 80% or at most 90% of
an average net dopant concentration in the first region.
The extension region and the second region form a pn
junction with a comparatively high reverse breakdown
voltage of at least 30V, e.g., at least 60V. In particular,

the dopant concentration in the extension region and the
lateral extension of the extension region along the x-axis
are designed such that the electric field strength in the
extension region is safely below the breakdown electric
field in the semiconductor layer, when the nominal block-
ing voltage drops between the first region and the second
region.
[0023] The first region, the second region and the ex-
tension region form doped regions of a semiconductor
element formed in the semiconductor layer. The semi-
conductor element may be a semiconductor diode or an
MOSFET, by way of example.
[0024] The dielectric structure may form a laterally
closed frame around the semiconductor layer. The inner
edge of such closed frame defines the outer edge of the
semiconductor layer ("semiconductor edge"). The die-
lectric structure may include or may consist of thermally
grown silicon oxide. For example, the dielectric structure
may be formed by a LOCOS (local oxidation of silicon)
process defining the lateral extension of the semiconduc-
tor layer. In addition or alternatively, the dielectric struc-
ture may include deposited dielectric material, e.g. one
or more layers of silicon nitride, silicon oxide, dielectric
polymer, undoped silicate glass, and/or doped silicate
glass such as BSG (boron silicate glass), PSG (phos-
phorus silicate glass), BPSG, FSG (fluorine-doped silica
glass).
[0025] Along a lateral y-axis orthogonal to the x-axis,
at least one of the first region and the extension region
may be formed at a distance to the dielectric structure.
In particular, at least one of the first region and the ex-
tension region is spaced from the semiconductor edge.
[0026] In addition, a lateral extension of the semicon-
ductor layer along the y-axis (y-extension) may increase
with increasing distance to the second region at least
between the second region and the first region. In par-
ticular, the y-extension of the semiconductor layer in-
creases starting from the junction between the second
region and the extension region to or at least to the junc-
tion between the extension region and the first region.
[0027] In particular, the lateral extension of the semi-
conductor layer along the y-axis may increase linearly or
in a plurality of fine steps, wherein a step width is at most
50%, e.g. at most 10% or 1% of the distance between
the first region and the second region.
[0028] Increasing the length of the semiconductor
edge between the first region and the second region -
without increasing the distance between the first region
and second region - and spacing comparatively heavily
doped regions from the significantly improves the voltage
blocking capability of and/or the leakage current in the
semiconductor element formed in the semiconductor lay-
er.
[0029] Where otherwise interface states, segregated
dopants, and other physical effects make voltage break-
down along the semiconductor edge more likely, a re-
duced number of dopants along the semiconductor edge
combined with the longer distance along the semicon-
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ductor edge can, in the event of a voltage breakdown,
cause the current flow to be distributed over a larger area
in the central portion of the semiconductor element and
in a distance from the semiconductor edge. This allows
the breakdown voltage to be more precisely defined. In
particular, the breakdown voltage and the leakage cur-
rent behavior are more independent of process variations
affecting the interface at the semiconductor edge.
[0030] While a voltage breakdown with a charge carrier
flow concentrated along the semiconductor edge can
lead to permanent damage along the semiconductor
edge and degradation of device properties, the distribu-
tion of the charge carrier flow across the y-extension of
the semiconductor layer can avoid permanent damage
to the semiconductor crystal, and the semiconductor el-
ement can fully recover from the voltage breakdown.
[0031] For example, the semiconductor element
formed in the semiconductor layer is a semiconductor
diode with the first region forming the n doped cathode
region, the second region forming the p doped anode
region, and the extension region forming an n doped drain
extension. Reducing the dopant concentration along the
semiconductor edge and at the same time increasing the
length of the semiconductor edge along the drain exten-
sion - without increasing the distance between the anode
region and the cathode region - significantly improves
the voltage blocking capability of and/or the reverse cur-
rent behavior of the semiconductor diode formed in the
semiconductor layer.
[0032] According to an embodiment, the semiconduc-
tor device may further include a source region of the con-
ductivity type of the first region, wherein the source re-
gion, the second region, the extension region and the
first region are formed in this order along the x-axis.
[0033] In particular, the semiconductor layer may in-
clude the semiconducting portion (active area) of an en-
hancement-type MOSFET, wherein the first region forms
a MOSFET drain region, the second region forms a MOS-
FET body region, and the doped extension region forms
a MOSFET drain extension. The body region (second
region) laterally separates the source region and the
drain extension (extension region). The body region (sec-
ond region) and the drain extension (extension region)
form a first a pn junction. The body region (second region)
and the source region form a second pn junction. A gate
electrode may control an MOS channel in the body region
by capacitive coupling.
[0034] Reducing the dopant concentration along the
semiconductor edge and at the same time increasing the
length of the semiconductor edge along the drain exten-
sion - without increasing the distance between the source
region and the drain region - significantly improves the
voltage blocking capability of and/or the leakage current
behavior of the MOSFET active area formed in the sem-
iconductor layer.
[0035] According to an embodiment, the dielectric
structure may extend through the semiconductor layer
and may be in contact with the insulator layer.

[0036] In particular, an interface between the dielectric
structure and the insulator layer may form a closed frame
around the semiconductor layer. The semiconductor lay-
er is formed exclusively within the closed frame. The
closed frame and a portion of the insulator layer below
the semiconductor layer form a dielectric box enclosing
the semiconductor layer on five sides. The dielectric box
reduces latch-up risk and leakage current.
[0037] The first region and the second region may be
formed only in an upper portion of the semiconductor
layer, wherein the semiconductor element is a PDSOI
(partially depleted silicon-on-insulator) device.
[0038] According to an embodiment, the first region,
the second region and the extension region may extend
from a first surface at a front side of the semiconductor
layer to the insulator layer.
[0039] In particular, the semiconductor element in the
semiconductor layer is an FDSOI (fully depleted silicon-
on-insulator device.
[0040] In case the semiconductor layer includes the
active area of an MOSFET with the first region forming
the drain region, the second region forming the body re-
gion, and the extension region forming the drain exten-
sion, the source region may also extend form the first
surface to the insulator layer.
[0041] According to an embodiment, the semiconduc-
tor device may further include a non-insulating base
formed at a side of the insulator layer opposite to the
semiconductor layer.
[0042] The non-insulating base may be or may include
a semiconductor substrate. The semiconductor sub-
strate may be homogenously doped or may include
doped regions extending from the interface with the in-
sulator layer into the semiconductor substrate. Alterna-
tively or in addition, the non-insulating base may include
a metal plate or a metal layer.
[0043] The non-insulating base, the insulator layer and
the semiconductor layer are vertically stacked along the
z-axis in this order.
[0044] According to an embodiment, the semiconduc-
tor device may include a first spacer region which is
formed along the y-axis between the first region and the
dielectric structure, wherein the first spacer region is in-
trinsic or has the first conductivity type with an average
net dopant concentration of at most 10% of an average
net dopant concentration in the first region.
[0045] In particular, the first spacer region may be part
of the semiconductor layer and laterally separate the first
region and the dielectric structure along the y-axis. A net
dopant concentration in the first spacer region may be
uniform or may decrease toward the semiconductor
edge.
[0046] The first spacer region can help reduce the elec-
tric field and/or a charge carrier flow along the semicon-
ductor edge between the first region and the second re-
gion under reverse bias and in this way can reduce the
leakage current and/or increase the breakdown voltage.
[0047] According to an embodiment, the semiconduc-
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tor device may include a second spacer region along the
y-axis between the extension region and the dielectric
structure, wherein the second spacer region is intrinsic
or has the first conductivity type with an average net do-
pant concentration of at most 10% of an average net
dopant concentration in the extension region.
[0048] In particular, the second spacer region may be
part of the semiconductor layer and laterally separate the
extension region and the dielectric structure along the y-
axis. A net dopant concentration in the second spacer
region may be uniform or may decrease toward the sem-
iconductor edge.
[0049] The second spacer region can help reduce the
electric field and/or a charge carrier flow along the sem-
iconductor edge between the first region and the second
region under reverse bias and in this way can reduce the
leakage current and/or increase the breakdown voltage.
[0050] The second spacer region can be combined
with the first spacer region. The first spacer region and
the second spacer region may be laterally separated from
each other.
[0051] According to an embodiment, the first spacer
region and the second spacer region may be in direct
contact with each other.
[0052] In particular, the second spacer region can be
combined with the first spacer region such that a contig-
uous spacer region separates the dielectric structure
from both the extension region and the first region. For
example, the first spacer region and the second spacer
region may have the same width and may form a contig-
uous spacer zone with at least approximately uniform
dopant concentration. The width of the spacer zone may
be uniform or may gradually decrease or increase with
increasing distance to the second region.
[0053] According to an embodiment, the extension re-
gion may include a spacer portion between the first region
and the dielectric structure. In particular, the spacer por-
tion may separate the first region from the semiconductor
edge.
[0054] The spacer portion may be part of the semicon-
ductor layer and may laterally separate the first region
and the dielectric structure. The spacer portion can help
reduce the electric field along the semiconductor edge
and the charge carrier flow along the semiconductor edge
between the first region and the second region under
reverse bias.
[0055] According to an embodiment, the spacer por-
tion of the extension region may be formed at a distance
to the dielectric structure along the y-axis.
[0056] In particular, the semiconductor layer may in-
clude a second spacer region that separates the exten-
sion region and the dielectric structure. An average do-
pant concentration in the second spacer region may be
at most 50% or at most 10% of an average dopant con-
centration in the extension region. A net dopant concen-
tration in the second spacer region may be uniform or
may decrease toward the semiconductor edge.
[0057] According to an embodiment, the lateral exten-

sion of the semiconductor layer along the y-axis increas-
es with increasing distance to the second region from the
second region to at least a center of the first region with
respect to the x-axis.
[0058] The lateral extension of the semiconductor lay-
er along the y-axis may increase linearly or in a plurality
of fine steps, wherein the step width is at most 10%, e.g.
at most 1% of the distance between the first region and
the second region.
[0059] Between the first region and the second region,
the lateral extension of the extension region along the y-
axis may increase at the same rate as the lateral exten-
sion of the semiconductor layer.
[0060] Starting from the junction between the exten-
sion region and the first region in a direction away from
the second region, the lateral extension of the first region
along the y-axis may increase at the same rate as the
lateral extension of the semiconductor layer. Alternative-
ly, starting from the junction between the extension re-
gion and the first region in the direction away from the
second region, the lateral extension of the spacer portion
of the extension region along the y-axis may increase at
the same rate as the lateral extension of the semicon-
ductor layer.
[0061] In case of asymmetric semiconductor elements
with the second region formed only at one side of the first
region ("half-cell"), the lateral extension of the semicon-
ductor layer along the y-axis may increase along the com-
plete lateral extension of the first region along the x-axis.
In case of semiconductor elements with an active area
symmetric to a cell symmetry axis parallel to the y-axis
and through the lateral center of the first region with re-
spect to the x-axis, the lateral extension of the semicon-
ductor layer along the y-axis may increase up to the lat-
eral center of the first region.
[0062] In particular, the semiconductor layer may in-
clude two or four wedge-shaped portions. Each wedge-
shaped portion is a right-angled triangle with a first leg
coinciding with a first side of a rectangular inner portion
of the semiconductor layer and with the hypotenuse form-
ing a part of the outer edge of the semiconductor layer.
An asymmetric semiconductor element ("half-cell") may
include two first wedge-shaped portions formed mirror
inverted to an axis of symmetry parallel to the x-axis. The
second legs of the two first wedge-shaped portions form
part of a straight section of the outer edge of the semi-
conductor layer.
[0063] For semiconductor elements with symmetric
active area, the semiconductor layer further includes two
second wedge-shaped portions, wherein each of the sec-
ond wedge-shaped portions is symmetric to one of the
first wedge-shaped portions with respect to a cell sym-
metry axis parallel to the y-axis, and wherein the second
legs two adjoining wedge-shaped portions coincide.
Each pair of a first wedge-shaped portion and a second
wedge-shaped portion forms an isosceles triangle.
[0064] According to an embodiment, a width w3 of the
extension zone between an outer edge of the semicon-
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ductor layer and the first region may be constant.
[0065] The width w3 is measured orthogonal to the out-
er edge and orthogonal to the junction between the first
region and the extension region.
[0066] According to an embodiment, the width w3 may
be at least 10% of a width w1 of the extension region
between the first region and the second region.
[0067] For example, the width w3 of the extension re-
gion between the first region and the outer edge may be
at least 50%, e.g. 70% of the width w1 of the extension
region between the first region and the second region.
[0068] According to an embodiment, a second spacer
region may separate the dielectric structure and the ex-
tension zone.
[0069] A width w2 of the second spacer region between
the outer edge of the semiconductor layer and the exten-
sion region, in particular between the outer edge and the
spacer portion of the extension region, may be constant.
An average net dopant concentration in the second spac-
er region may be uniform or may decrease toward the
semiconductor edge.
[0070] According to an embodiment, the semiconduc-
tor device may further include an n-MOSFET (n-channel
MOSFET) including doped regions formed in a second
semiconductor layer formed on the insulator layer. The
first region, the second region and the extension region
form doped regions of a p-MOSFET. The source/drain
paths of the p-MOSFET and the n-MOSFET are electri-
cally connected in series between a high potential line
and a low potential line.
[0071] The second semiconductor layer and the first
semiconductor layer are laterally separated. The p-MOS-
FET and the n-MOSFET may form part of a buffer stage
that turns on and off the p-MOSFET and the n-MOSFET
alternatingly, wherein at each point in time only one of
the p-MOSFET and the n-MOSFET is in the on-state.
[0072] In particular, the semiconductor device may be
a gate driver circuit that may include an input stage re-
ceiving an input signal at one or more input terminals
INP. The input stage may pre-process the input signal
and may transfer the pre-processed input signal to the
buffer stage. The p-MOSFET and the n-MOSFET may
form a push-pull output with the p-MOSFET and the n-
MOSFET alternately supplying current to, or absorbing
current from, a load connected to a network node be-
tween the p-MOSFET and the n-MOSFET. For example,
the buffer stage may be capable of supplying at least
1mA, e.g. at least 10mA, and sinking at least 1mA, e.g.
at least 10mA.
[0073] FIG. 1A and FIG. 1B show a semiconductor de-
vice 100 with an SOI structure. An insulator layer 180 is
formed on a non-insulating base 190. A semiconductor
layer 110 is formed on the insulator layer 180. The non-
insulating base 190, the insulator layer 180 and the sem-
iconductor layer 110 are vertically stacked on each other
and form the SOI structure. The insulator layer 180 ex-
tends parallel to a horizontal plane spanned by an x-axis
parallel to a current flow direction in the on-state of the

semiconductor device and by a y-axis orthogonal to the
x-axis and the current flow direction.
[0074] A vertical extension v1 of the insulator layer 180
is in a range from 200nm to 2pm, e.g. from 350nm to
450nm. A voltage blocking capability of the insulator layer
180 is in a range from 200V to 2000V, e.g. about 300V.
[0075] The semiconductor layer 110 includes a first re-
gion 111 of a first conductivity type, a second region 112
of a complementary second conductivity type and a light-
ly doped extension region 113 of the first conductivity
type. The extension region 113 separates the first region
111 and the second region 112 along the x-axis.
[0076] A dielectric structure 210 laterally surrounds the
semiconductor layer 110 and separates the semiconduc-
tor layer 110 in the lateral directions from further semi-
conducting structures formed on the insulator layer 180.
The dielectric structure 210 may include or may consist
of thermally grown silicon oxide and may be formed by
a LOCOS process that defines the lateral extension of
the semiconductor layer 110.
[0077] The first region 111 and the extension region
113 are formed at a distance to the dielectric structure
210 along the y-axis. In particular, spacer zones 120 sep-
arate the first region 111 and the extension region 113
from the semiconductor edge between the semiconduc-
tor layer 110 and the dielectric structure 210. The spacer
zones 120 are formed symmetric with respect to an axis
of symmetry 901 parallel to the x-axis.
[0078] The spacer zones 120 may be intrinsic or may
have the first conductivity type, wherein an average do-
pant concentration in the spacer zones 120 is at most
10% of the average dopant concentration in the first re-
gion 111.
[0079] Between the second region 112 and the first
region 111, a lateral extension of the semiconductor layer
110 along the y-axis linearly increases with increasing
distance to the second region 112. In particular, the in-
crease is symmetric with respect to the axis of symmetry
901 parallel to the x-axis. An angle ϕ between the x-axis
and the semiconductor edge between the second region
112 and the first region 111 may be in a range from 15°
to 75°, e.g. between 30° and 60°. The width w0 of the
spacer zones 120 orthogonal to the semiconductor edge
is uniform. The lateral extension of the extension region
113 increases at the same rate the lateral extension of
the semiconductor layer 110 increases.
[0080] The doped regions formed in the semiconductor
layer 110 form a semiconductor diode.
[0081] In the illustrated example, the first region 111
is p doped, forms an anode region and is electrically con-
nected with an anode metallization A. The second region
112 is n doped, forms a cathode region and is electrically
connected with a cathode metallization K. The extension
region 113 is p doped and the spacer zone is intrinsic or
p doped.
[0082] According to another example, (not illustrated),
the first region 111 is n doped, forms a cathode region
and is electrically connected with a cathode metallization.
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The second region 112 is p doped, forms an anode region
and is electrically connected with an anode metallization.
The extension region 113 is n doped and the spacer zone
is intrinsic or n doped.
[0083] The semiconductor diode may be configured as
the bootstrap diode of a gate driver circuit for power sem-
iconductor devices in a half bridge configuration.
[0084] Another semiconductor diode can be obtained
from the illustrated semiconductor diode by adding a mir-
ror image configuration of the illustrated semiconductor
diode to the illustrated semiconductor diode at one of the
two semiconductor edges parallel to the y-axis, as indi-
cated by the possible symmetry axis 902.
[0085] In FIG. 2A and FIG. 2B the semiconductor ele-
ment formed in the semiconductor layer 110 is a p-chan-
nel MOFET (metal oxide semiconductor field effect tran-
sistor) with a p doped source region 114 electrically con-
nected to a source metallization S. The first region 111
forms a p doped drain region and is electrically connected
to a drain metallization D. The second region 112 forms
an n doped body region that separates the source region
114 and the extension region 113. The source region
114, the body region (second region 112), the extension
region 113 and the drain region (first region 111) are
formed in this order along the x-axis. A gate dielectric
159 separates a conductive gate electrode 155 and the
body region (second region 112).
[0086] Starting from the second region 112 and in di-
rection to the first region 111, a lateral extension of the
semiconductor layer 110 along the y-axis linearly in-
creases with increasing distance to the second region
112. The increase is symmetric with respect to the axis
of symmetry 901 parallel to the x-axis.
[0087] Spacer zones 120 separate the drain region
(first region 111) and the extension region 113 from the
semiconductor edge between the semiconductor layer
110 and the dielectric structure 210. The spacer zones
120 are formed symmetric with respect to an axis of sym-
metry 901 parallel to the x-axis. The spacer zones 120
may be intrinsic or may be p doped, wherein an average
dopant concentration in the spacer zones 120 is at most
10% of the average dopant concentration in the first re-
gion 111.
[0088] The width w0 of the spacer zones 120 orthog-
onal to the semiconductor edge is uniform. The lateral
extension of the extension region 113 and the drain re-
gion (first region 111) increases at the rate the lateral
extension of the semiconductor layer 110 increases.
[0089] Another example of a p-MOSFET can be ob-
tained from the illustrated p-MOSFET by adding a mirror
image configuration of the illustrated p-MOSFET to the
illustrated p-MOSFET at one of the two semiconductor
edges parallel to the y-axis, as indicated by the possible
symmetry axis 902.
[0090] According to another example, (not illustrated),
the first semiconductor layer 110 includes doped regions
of an n-MOSFET, with n doped drain region (first region
111), n doped source region 114, p doped body region

(second region 112), n doped extension region 113 and
intrinsic or n doped spacer zones 120.
[0091] FIG. 3 shows a PDSOI device with the drain
region (first region 111), the extension region 113, the
body region (second region 112) and the source region
114 formed as doped wells extending from a first surface
101 at the front side of the semiconductor layer 110 into
an upper portion of the semiconductor layer 110. A bulk
portion 119 separates the doped wells from the insulator
layer 180. Alternatively, a section of the bulk portion 119
may form the extension region 113. A vertical extension
v2 of the semiconductor layer 110 of a PDSOI semicon-
ductor element may have any value within the above
mentioned range for the vertical extension of the semi-
conductor layer from 50nm to 2000mm.
[0092] FIG. 4 concerns an FDSOI device with the drain
region (first region 111), the extension region 113, the
body region (second region 112) and the source region
114 extending from the first surface 101 at the front side
of the semiconductor layer 110 down to the insulator layer
180. A vertical extension v3 of the semiconductor layer
110 of an FDSOI semiconductor element may be in the
lower part of the above mentioned range for the vertical
extension of the semiconductor layer, e.g. in a range from
50nm to 100nm, or from 5nm to 100nm.
[0093] FIG. 5 shows a half of a semiconductor layer
110 with doped regions formed symmetrically with re-
spect to a central symmetry axis 903 parallel to the y-
axis. In each half of the semiconductor layer 110 a source
region 114 is formed that includes a plurality of source
contact regions 1141 laterally separated along the y-axis
by body contact regions 1151. The source contact re-
gions 1141 and body contact regions 1151 are electrically
connected with the source metallization S illustrated in
FIG. 2B, FIG. 3 and FIG. 4.
[0094] Each of two spacer zones 120 formed in the
semiconductor layer 110 includes a first spacer region
121 that separates the first region 111 from the semicon-
ductor edge between the semiconductor layer 110 and
the dielectric structure 210. The extension region 113 is
in contact with the semiconductor edge. The first spacer
regions 121 are symmetric with respect to an axis of sym-
metry 901 parallel to the x-axis. Each first spacer region
121 forms a rectangle with a width w1. An average dopant
concentration in the first spacer regions 121 is at most
10% of an average dopant concentration in the first region
111.
[0095] Between the second region 112 and the first
region 111, a lateral extension of the semiconductor layer
110 along the y-axis linearly increases with increasing
distance to the second region 112. The lateral extension
of the extension region 113 increases at the rate the lat-
eral extension of the semiconductor layer 110 increases.
[0096] In FIG. 6, each spacer zone 120 includes a sec-
ond spacer region 122 that separates the extension re-
gion 113 from the semiconductor edge. The drain region
(first region 111) may be in contact with the semiconduc-
tor edge. The second spacer regions 122 are formed
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symmetric with respect to an axis of symmetry 901 par-
allel to the x-axis. Each second spacer region 122 forms
a parallelogram. An average dopant concentration in the
second spacer regions 122 is at most 50%, e.g. at most
10% of an average dopant concentration in the extension
region 113.
[0097] Between the second region 112 and the first
region 111, a lateral extension of the semiconductor layer
110 along the y-axis linearly increases with increasing
distance to the second region 112. The lateral extension
of the extension region 113 increases at the rate the lat-
eral extension of the semiconductor layer 110 increases.
[0098] Another embodiment (not illustrated) combines
the first spacer regions 121 of FIG. 5 and the second
spacer regions 122 of FIG. 6 in the same semiconductor
layer 110.
[0099] The semiconductor element formed by the
doped regions in the semiconductor layer 110 of FIG. 7
differs from that in FIG. 5 in that the first spacer region
contains the same dopant concentration as the extension
region 113.
[0100] In particular, the extension region 113 includes
a main portion 1132 between the body region (second
region 112) and the drain region (first region 111), and
spacer portions 1131 between the first region 111 and
the dielectric structure 210. The extension region 113 is
a one-part structure with the main portion 1132 and the
spacer portions 1131 being in direct contact with each
other and forming a contiguous doped region.
[0101] The semiconductor element formed by the
doped regions in the semiconductor layer 110 of FIG. 8
combines an extension region 113 with main portion
1132 and spacer portions 1131 as illustrated in FIG. 7
with a spacer region 120 as illustrated in FIG. 1A.
[0102] FIG. 9 and FIG. 10 concern semiconductor el-
ements which are formed symmetrically with respect to
a central symmetry axis 903 parallel to the y-axis and to
an axis of symmetry 901 parallel to the x-axis. From the
junction between the body region (second region 112)
and the extension region 113, the lateral extension of the
semiconductor layer along the y-axis increases up to the
central symmetry axis 903 parallel to the y-axis.
[0103] In particular, the semiconductor layer 110 in-
cludes a rectangular inner portion 401 and four wedge-
shaped portions 402 extending in the horizontal plane
outwardly from the rectangular inner portion 401. Each
wedge-shaped portion 402 forms a right-angled triangle
with a first leg coinciding with a half of a side of the rec-
tangular inner portion 401 and with the hypotenuse form-
ing a part of the outer edge of the semiconductor layer
110. The second legs of two adjoining wedge-shaped
portions 402 coincide.
[0104] In FIG. 9, the extension region 113 includes a
main portion 1132 between the body region (second re-
gion 112) and the drain region (first region 111) along
the x-axis, and spacer portions 1131 between the first
region 111 and the dielectric structure 210. Each wedge-
shaped portion 402 includes a spacer portion 1131.

[0105] In FIG. 10, spacer zones 120 with a width w2
and with an average net dopant concentration lower than
in the extension region 113 laterally separate the exten-
sion region 113 from the semiconductor edge along the
dielectric structure 210. Each wedge-shaped portion 402
includes a spacer portion 1131 and a spacer zone 120.
[0106] FIG 11A, FIG. 11B and FIG 11C illustrate an-
other p-MOSFET with doped regions formed symmetri-
cally with respect to a central symmetry axis 903 parallel
to the y-axis and to an axis of symmetry 901 parallel to
the x-axis.
[0107] The lateral extension of the drain region (first
region 111) along the y-axis decreases starting from the
central symmetry axis 903. An extension region 113 with
approximately uniform width laterally surrounds the drain
region (first region 111) and separates the drain region
from two n doped body regions (second region 112)
formed on opposite sides of the drain region with respect
to the central symmetry axis 903. Each body region (sec-
ond region 112) separates the extension region 113 from
a row of p doped source contact regions 1141 separated
by n doped body contact regions 1151. The source con-
tact regions 1141 and the body regions form pn junctions.
The body contact regions 1151 and the body regions
form unipolar junctions. Between the two body regions
(second regions 112) two spacer zones 120 separate the
extension region 113 from the dielectric structure 210.
[0108] Stripe-shaped conductive gate electrodes 155
are formed above the body regions (second regions 112)
and electrically connected to a gate metallization G. The
gate electrodes 155 slightly overlap with the source con-
tact regions 1141 and with the extension regions 113. A
gate dielectric 159 formed on the semiconductor layer
110 separates the gate electrode from the body regions
(second regions 112).
[0109] An interlayer dielectric 221 covers the gate elec-
trodes 155 and the first semiconductor layer 110. Source
connection lines 310 are formed on the interlayer dielec-
tric 221 directly above the source contact regions 1141
and the body contact regions 1151. A drain connection
line 330 is formed on the interlayer dielectric 221 directly
above the drain region (first region 111) .
[0110] Two rows of source contact structures 315 ex-
tend from the source connection line 310 through the
interlayer dielectric 221 and electrically connect the
source contact regions 1141 and the body contact re-
gions 1151 with the source connection line 310. A row
of drain contact structures 335 extend from the drain con-
nection line 330 through the interlayer dielectric 221 and
electrically connect the drain region (first region 111) with
the drain connection line 330. A dielectric passivation
layer 222 may cover the source connection lines 310 and
the drain connection line 330.
[0111] From the junction between the body region
(second region 112) and the extension region 113, the
lateral extension of the semiconductor layer 110 increas-
es up to the central symmetry axis 903 parallel to the y-
axis.
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[0112] FIG. 12A shows the end portion of a first p-MOS-
FET with an extension region 113 including a spacer por-
tion 1131 and with increasing lateral extension orthogo-
nal to the current flow direction.
[0113] FIG. 12B shows the end portion of a second p-
MOSFET that differs from the first p-MOSFET in FIG.
12A in that the second p-MOSFET includes a spacer
zone 120 between the extension region 113 and the sem-
iconductor edge.
[0114] In FIG. 12C line 701 shows the breakdown char-
acteristic for the first p-MOSFET of FIG. 12A and line 702
shows the breakdown characteristic for the second p-
MOSFET of FIG. 12B at logarithmic scale. Line 701 in-
dicates a significant rise of the leakage current prior to
breakdown for the first p-MOSFET. In contrast, line 702
indicates that no such leakage current increase is ob-
served for the second p-MOSFET of FIG. 12B.
[0115] FIG. 13 shows building blocks of a gate driver
circuit 800. The gate driver circuit 800 enables a micro-
controller or digital signal processor (DSP) to efficiently
turn on and turn off power semiconductor switches such
as IGBTs or MOSFETs in power conversion circuits and
motor control application.
[0116] The gate driver circuit 800 is configured as a
half-bridge gate driver device that includes an input stage
810, a first gate driver stage 820 and a second gate driver
stage 830. The input stage 810 receives an input signal
at one or more input terminals INP. The input signal may
include square pulses and may be received from a pulse
width modulator circuit. The input stage 810 may pre-
process the input signal and may transfer the pre-proc-
essed input signal to the first and second gate driver stag-
es 820, 830 which may be electrically insulated from the
input stage 810.
[0117] The first gate driver stage 820 includes a first
buffer stage 821. In response to the received pre-proc-
essed input signal, the first buffer stage generates and
drives a first gate signal for a first voltage controlled
switching device, e.g. the low-side switch of a half-bridge
assembly, and outputs the first gate signal at a first gate
output terminal GOUTL.
[0118] The second gate driver stage 830 includes a
second buffer stage 831. In response to the received pre-
processed input signal, the second gate driver stage 830
generates and drives a second gate signal for a second
voltage controlled switching device, e.g. the high-side
switch of a half-bridge assembly, and outputs the second
gate signal at a second gate output terminal GOUTH.
[0119] The first buffer stage 821 and/or the second
buffer stage 831 include an inverter stage, e.g. a push-
pull driver, with the source/drain paths of a p-MOSFET
822, 832 and an n-MOSFET 823. 833 electrically con-
nected in series between a high potential line V1H, V2H
and a low potential line V1L, V2L of the respective stage.
[0120] The network node between the p-MOSFET 822
and n-MOSFET 823 of the first buffer stage 821 is elec-
trically connected with the first gate output terminal
GOUTL. The network node between the p-MOSFET 832

and n-MOSFET 833 of the second buffer stage 831 is
electrically connected with the second gate output termi-
nal GOUTH.
[0121] In each buffer stage 821, 831, the p-MOSFET
822, 832 and the n-MOSFET 823, 833 are alternatingly
turned on and off, wherein at each point in time only one
of the p-MOSFET 822, 832 and the n-MOSFET 823, 833
of the same buffer stage 821, 831 is in the on-state.
[0122] The gate driver circuit 800 may further include
a level shifter with a bootstrap diode for supplying the
reference potential at the low potential line VL2 of the
second buffer stage 830.
[0123] At least the p-MOSFET 822, 832 of one of the
first and second buffer stages 821, 831 may have the
configuration as described with any of the preceding fig-
ures. In particular, any of the semiconductor devices 100
in FIGS. 1 to 11C may be a gate driver circuit 800 as
described with reference to FIG. 13.

Claims

1. A semiconductor device, comprising:

an insulator layer (180);
a semiconductor layer (110) formed on the in-
sulator layer (180), wherein the semiconductor
layer (110) comprises a first region (111) of a
first conductivity type, a second region (112) of
a second conductivity type and a lightly doped
extension region (113) of the first conductivity
type separating the first region (111) and the
second region (112) along a lateral x-axis; and
a dielectric structure (210) laterally surrounding
the semiconductor layer (110),
wherein at least one of the first region (111) and
the extension region (113) is formed at a dis-
tance to the dielectric structure (210) along a
lateral y-axis orthogonal to the x-axis, and
wherein along the x-axis between the second
region (112) and the first region (111) a lateral
extension of the semiconductor layer (110)
along the y-axis increases with increasing dis-
tance to the second region (112).

2. The semiconductor device according to the preced-
ing claim, further comprising:
a source region (114) of the conductivity type of the
first region (111), wherein the source region (114),
the second region (112), the extension region (113)
and the first region (111) are formed in this order
along the x-axis.

3. The semiconductor device according to the preced-
ing claim,
wherein the dielectric structure (210) extends
through the semiconductor layer (110) and is in con-
tact with the insulator layer (180).
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4. The semiconductor device according to any of the
preceding claims,
wherein the first region (111), the second region
(112) and the extension region (113) extend from a
first surface at a front side of the semiconductor layer
(111) to the insulator layer (180).

5. The semiconductor device according to any of the
preceding claims, further comprising:
a non-insulating base (190) formed at a side of the
insulator layer (180) opposite to the semiconductor
layer (110).

6. The semiconductor device according to any of the
preceding claims, further comprising:
a first spacer region (121) between the first region
(111) and the dielectric structure (210) along the y-
axis, wherein the first spacer region (121) is intrinsic
or has the first conductivity type with an average net
dopant concentration of at most 10% of an average
net dopant concentration in the first region (111).

7. The semiconductor device according to any of the
preceding claims, further comprising:
a second spacer region (122) between the extension
region (113) and the dielectric structure (210) along
the y-axis, wherein the second spacer region (122)
is intrinsic or has the first conductivity type with an
average net dopant concentration of at most 10% of
an average net dopant concentration in the exten-
sion region (113).

8. The semiconductor device according to the preced-
ing claim,
wherein the first spacer region (121) and the second
spacer region (122) are in direct contact with each
other.

9. The semiconductor device according to any of the
preceding claims,
wherein the extension region (113) comprises a
spacer portion (1131) between the first region (111)
and the dielectric structure (210) along the y-axis.

10. The semiconductor device according to the preced-
ing claim,
wherein the spacer portion (1131) of the extension
region (113) is formed at a distance to the dielectric
structure (210) along the y-axis.

11. The semiconductor device according to any of the
preceding claims,
wherein the lateral extension of the semiconductor
layer (110) along the y-axis increases with increasing
distance to the second region (112) from the second
region (112) to at least a center of the first region
(111) along the x-axis.

12. The semiconductor device according to the preced-
ing claim,
wherein a width w3 of the extension zone (113) be-
tween an outer edge of the semiconductor layer
(110) and the first region (111) is constant.

13. The semiconductor device according to the preced-
ing claim,
wherein the width w3 is at least 10% of a width w1
of the extension region (113) between the first region
(111) and the second region (112).

14. The semiconductor device according to any of the
preceding claims,
wherein a second spacer region (122) separates the
dielectric structure (210) and the extension zone
(113).

15. The semiconductor device according to any of the
preceding claims, further comprising:

an n-MOSFET (823) comprising doped regions
formed in a second semiconductor layer (410)
formed on the insulator layer (180),
wherein the first region (111), the second region
(112) and the extension region (113) form doped
regions of a p-MOSFET (822), and
wherein source/drain paths of the p-MOSFET
(822) and the n-MOSFET (823) are electrically
connected in series between a high potential line
(V1L) and a low potential line (V2L).

Amended claims in accordance with Rule 137(2)
EPC.

1. A semiconductor device, comprising:

an insulator layer (180);
a semiconductor layer (110) formed on the in-
sulator layer (180), wherein the semiconductor
layer (110) comprises a first region (111) of a
first conductivity type, a second region (112) of
a second conductivity type and a lightly doped
extension region (113) of the first conductivity
type separating the first region (111) and the
second region (112) along a lateral x-axis; and
a dielectric structure (210) laterally surrounding
the semiconductor layer (110), and
an auxiliary spacer region (122) between the ex-
tension region (113) and the dielectric structure
(210) along a lateral y-axis orthogonal to the x-
axis,
wherein the auxiliary spacer region (122) is in-
trinsic or has the first conductivity type with an
average net dopant concentration of at most
10% of an average net dopant concentration in
the extension region (113),
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wherein the extension region (113) is formed at
a distance to the dielectric structure (210) along
the lateral y-axis, and
wherein along the x-axis between the second
region (112) and the first region (111) a lateral
extension of the semiconductor layer (110)
along the y-axis increases with increasing dis-
tance to the second region (112).

2. The semiconductor device according to the preced-
ing claim, further comprising:
a source region (114) of the conductivity type of the
first region (111), wherein the source region (114),
the second region (112), the extension region (113)
and the first region (111) are formed in this order
along the x-axis.

3. The semiconductor device according to the preced-
ing claim,
wherein the dielectric structure (210) extends
through the semiconductor layer (110) and is in con-
tact with the insulator layer (180).

4. The semiconductor device according to any of the
preceding claims,
wherein the first region (111), the second region
(112) and the extension region (113) extend from a
first surface at a front side of the semiconductor layer
(111) to the insulator layer (180).

5. The semiconductor device according to any of the
preceding claims, further comprising: a non-insulat-
ing base (190) formed at a side of the insulator layer
(180) opposite to the semiconductor layer (110).

6. The semiconductor device according to any of the
preceding claims, further comprising:
a first spacer region (121) between the first region
(111) and the dielectric structure (210) along the y-
axis, wherein the first spacer region (121) is intrinsic
or has the first conductivity type with an average net
dopant concentration of at most 10% of an average
net dopant concentration in the first region (111).

7. The semiconductor device according to the preced-
ing claim,
wherein the first spacer region (121) and the auxiliary
spacer region (122) are in direct contact with each
other.

8. The semiconductor device according to any of the
preceding claims,
wherein the extension region (113) comprises a
spacer portion (1131) between the first region (111)
and the dielectric structure (210) along the y-axis.

9. The semiconductor device according to the preced-
ing claim,

wherein the spacer portion (1131) of the extension
region (113) is formed at a distance to the dielectric
structure (210) along the y-axis.

10. The semiconductor device according to any of the
preceding claims,
wherein the lateral extension of the semiconductor
layer (110) along the y-axis increases with increasing
distance to the second region (112) from the second
region (112) to at least a center of the first region
(111) along the x-axis.

11. The semiconductor device according to the preced-
ing claim,
wherein a width w3 of the extension zone (113) be-
tween an outer edge of the semiconductor layer
(110) and the first region (111) is constant.

12. The semiconductor device according to the preced-
ing claim,
wherein the width w3 is at least 10% of a width w1
of the extension region (113) between the first region
(111) and the second region (112).

13. The semiconductor device according to any of the
preceding claims,
wherein the auxiliary spacer region (122) separates
the dielectric structure (210) and the extension zone
(113).

14. The semiconductor device according to any of the
preceding claims, further comprising:

an n-MOSFET (823) comprising doped regions
formed in a second semiconductor layer (410)
formed on the insulator layer (180),
wherein the first region (111), the second region
(112) and the extension region (113) form doped
regions of a p-MOSFET (822), and
wherein source/drain paths of the p-MOSFET
(822) and the n-MOSFET (823) are electrically
connected in series between a high potential line
(V1L) and a low potential line (V2L).

15. A semiconductor device, comprising:

an insulator layer (180);
a semiconductor layer (110) formed on the in-
sulator layer (180), wherein the semiconductor
layer (110) comprises a first region (111) of a
first conductivity type, a second region (112) of
a second conductivity type and a lightly doped
extension region (113) of the first conductivity
type separating the first region (111) and the
second region (112) along a lateral x-axis;
a dielectric structure (210) laterally surrounding
the semiconductor layer (110); and
a first spacer region (121) between the first re-
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gion (111) and the dielectric structure (210)
along the y-axis,
wherein the first spacer region (121) is intrinsic
or has the first conductivity type with an average
net dopant concentration of at most 10% of an
average net dopant concentration in the first re-
gion (111),
wherein the average net dopant concentration
in the first spacer region (121) is smaller than in
the extension region (113), and
wherein along the x-axis between the second
region (112) and the first region (111) a lateral
extension of the semiconductor layer (110)
along the y-axis increases with increasing dis-
tance to the second region (112).
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